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ASSEMBLY FOR SEALING 
ELECTRICAL LEADS TO 
INTERNAL ELECTRICAL DEVICE 

Background of Invention 

Field of the Invention. 

This invention relates to electrical assemblies and more particularly to solenoid 
and similar devices which have lead wires that connect internal components to an 
external junction outside the housing for the electrical device. Such electrical 
assemblies must have some means of preventing the ingress of moisture and other 
contaminants from migrating into the electrical device inside the housing. 

Description of Related Art 

Electrical devices, such as solenoid coils, will degrade and fail relatively quickly if 
the windings are exposed to moisture (rain, road salt, spray-down, submersion, etc.). 
These coils are often encapsulated in plastic for electrical isolation and this 
encapsulation affords the windings protection against direct water exposure as well. 
However, many solenoid coils have lead wires that run from the windings, through the 
plastic encapsulation, to the outside world creating an indirect path for water ingress. 
This path exists because plastic encapsulants do not bond to lead wire insulation 
materials. Water (and aqueous solutions and mixtures) wicks into and moves along 
the interface between the lead wire insulation and the encapsulant to the windings, 
ultimately producing failure. 

In U.S. Pat. No. 5,71 0, 535, Coloff describes the use of elastomeric seals installed 
on each lead that are encapsulated along with the windings. The encapsulant, which is 
introduced around the coil assembly under significant pressure to form the housing, 
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directly compresses the seal around each lead such that there is interference between 
the lead and the seal as well as between the encapsulant and the seal. However, a 
bond does not develop between the seal and the encapsulant and the dynamics of the 
molding process can distort the elastomer jeopardizing the soundness of the seal. 

[0006] In U.S. Pat. No. 6,1 21 ,865, Dust et al. describe the use of an elastomeric seal that 
is installed around the leads after the coil has been encapsulated. In this method, the 
encapsulation mold is designed to produce a cavity around the leads where they exit 
the encapsulant forming the housing. The cavity formed in the encapsulant is sized to 
receive and compress the seal around the leads such that contaminants cannot 
penetrate the interface between the leads and the seal. The interface between the seal 
and the receiving cavity molded within the encapsulant is also under compression 
such that contaminants cannot penetrate this interface. However, some electrical 
ttO assemblies, such as solenoids, cannot always accommodate pockets and seals where 

the leads exit the encapsulant forming the housing. 

uj 

p [0007] The invention disclosed herein addresses the problem of contaminant ingress 

ff- 

^ along leads in a practical way. 

Summary of Invention 
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fa [0008] This invention prevents contaminants from migrating to the coil windings within 
K an encapsulant forming the main housing through the use of a sealing assembly 

located within an over-molded, thermoplastic encapsulant. The seal assembly 
surrounds the insulated lead wires that extend from the coil windings either to 
outside the coil or to terminals that are molded into the free surface of the 
encapsulated coil. Before over-molding, an elastomeric seal is installed on each lead 
wire to be sealed, and this wire/seal subassembly is then inserted into a seal housing 
made from the same basic thermoplastic as the encapsulant forming the housing. The 
seal housing is constructed such that one or more continuous ribs, with sharp edges, 
circumvent the outer surface of the seal housing. During over-molding to form the 
main housing, the molten encapsulant surrounds the seal housing and melts the tips 
of the ribs. Upon cooling, the thermoplastic solidifies and the encapsulant bonds to 
the seal housing along each of its ribs. 

Brief Description of Drawings 



APP ID=09683061 



Page 2 of 13 




# 



[0009] Fig. 1 is an perspective view of a solenoid-coil assembly showing an embodiment 
of the invention; 

[001 0] Fig. 2 is a cross-sectional view taken along line 2-2 of Fig. 1 ; 

[001 1] Fig. 3 is an enlarged view of a portion of Fig. 2 as defined by line 3-3 of Fig. 2; 

[001 2] Fig. 4 is a perspective view of the seal housing portion of the assembly; 

[001 3] Fig. 5 is a plan view of the seal housing shown in Fig. 4; 

[001 4] Fig. 6 is a perspective view of the elastomeric seal; 

[001 5] Fig. 7 is a plan view of the elastomeric seal shown in Fig. 6; 

[001 6] Fig. 8 is a perspective view of another embodiment of the seal housing; and 

[001 7] Fig. 9 is a plan view of the seal housing shown in Fig. 8. 

Detailed Description 

^ [001 8] Referring now to Fig. 1 , an electrical assembly 1 0, such as a solenoid coil 

* assembly, is depicted with a passageway 1 1 typically extending through the full 

M> 

length of assembly 1 0. As is described hereinafter, the assembly 1 0 is over-molded 
with a thermoplastic encapsulant to form a main housing 1 2. Insulated electrical leads 
13 and 14 protrude from housing 12 so that electrical connections can be made 
outside of the assembly 1 0. 

[001 9] Although the following description is for seal housing 1 7 and lead wire 1 3, it will 
be understood that the same construction is applied to seal housing 1 8 and lead wire 
14. 

[0020] As best illustrated in Fig. 2, magnet wire is wound around a bobbin 1 5 to produce 
coil windings 1 6. Lead wires 1 3 and 1 4 connect the start and end of the windings 1 6 
to points outside of assembly 10. Lead 13 passes through a seal housing indicated 
generally by the reference numeral 1 7 while lead 14 passes through a seal housing 
indicated generally by the reference numeral 18. 
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Fig. 3 is an enlarged view of a portion of the main housing 1 2 taken along line 3- 
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3 of Fig.2 and shows lead wire 13 is comprised of a conductor 1 3a jacketed with 
electrical insulation 1 3b. The lead wire 1 3 passes through an elastomeric seal 20. As 
shown, seal 20 will accommodate lead wire 13 but it will be understood that a 
modified seal may have two or more passages to accommodate two or more lead 
wires as illustrated in the embodiment shown in Figs. 8 and 9. As shown in Figs. 3 and 
7, it will be understood that the inside diameter 25 of seal 20 is smaller than the 
outside diameter of lead wire 1 3 to produce an interference fit. Also, as seen in Figs. 
3, 6 and 7, elastomeric seal 20 has circumferential ribs 21 extending outwardly from 
its outer surface, the outside diameter of ribs 21 being greater than the inside 
diameter of the seal housing 1 7 segment 22 into which the ribs 21 are seated as 
described hereinafter. 

[0022] As shown in Fig. 5, the seal housing 1 7 has a first segment 22 having a diameter 
O that produces an interference fit with elastomeric seal ribs 21 , a diametrical transition 

S segment 24 and a smaller diameter inner segment 23 sufficient in diameter to 

accommodate the non-ribbed portion of seal 20. Therefore, when seal 20, containing 
lead wire 1 3, is inserted into the seal housing 1 7, it will be understood that an 
S interference fit will be created by ribs 21 to provide a positive seal with the first 

a interior segment 22. 
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[0023] Seal housing 1 7 also is formed with one or more continuous ribs 1 9 (Fig. 4) that 
| circumvent the exterior of the seal housing 1 7. Each rib 1 9 is shaped to have low- 

|J mass extremities such that the ribs 1 9 will be partially melted by the molten 

encapsulant forming the housing 12 during over-molding. 

[0024] The seal housings 1 7 and 1 8 may each be designed to accommodate a single lead 

1 3 or 1 4 as described above, but it should be understood that two leads 1 3 and 1 4, 
each with a seal 20, may be incorporated into a single seal housing 1 7b as shown in 
Figs. 8 and 9. In this embodiment, the interior construction and dimensions are the 
same as each individual housing 1 7 and 1 8 so as to accommodate both leads 1 3 and 

14 each with a seal 20. 



[0025] 



In manufacturing the electrical assembly of the invention, care must be taken in 
the selection of component materials. To achieve proper compressive sealing, the 
seals 20 are preferably made from an elastomer. The elastomer must be able to 
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withstand elevated molding temperatures and not adversely react with the seal 
housings 1 7 or 1 8 or the encapsulant used in forming the main housing 1 2. Silicone 
rubber is satisfactory for these purposes and commercially available seals, such as 
those used in connectors manufactured by Delphi Automotive Systems, can be used. 
Individual seals may be used for each lead wire or a single seal could have multiple 
passages to accommodate multiple lead wires. 

[0026] Both thermoset and thermoplastics are commonly used to over-mold electrical 
assemblies such as solenoid coils. However, in this invention, the over-molding 
encapsulant forming the main housing must be a thermoplastic polymer. In addition, 
to accomplish bonding between the encapsulant and the ribs 19 of the seal housings 
1 7 and 1 8, each seal housing must be made from the same basic thermoplastic resin 
as the encapsulant. For instance, if the encapsulating plastic is a polyamide, the seal 
housings 1 7 and 1 8 should also be made from a polyamide. However, the nature and 
amount of fillers in the polymer (e.g., glass fibers) may differ between the encapsulant 
forming the main housing 1 2 and the seal housings 1 7 and 1 8 without adversely 
impacting bonding along the seal housing ribs 1 9. Other thermoplastic resins that 
work well for this application include, but are not limited to, polyethylene 
terephthalate and high temperature nylon (available from DuPont Engineering 
Polymers). 



„p [0027] After the coil of the electrical assembly is wound, the lead wires 1 3 and 14, with 
w an electrically insulating covering, are joined to the start and finish ends of the 

windings that form the coil. The free end of each of lead wire 1 3 and 1 4 is then forced 
through the elastomeric seal 20 and through the seal housing 1 7 or 1 8. Next, each 
seal 20 is moved along the lead wire 1 3 and 1 4 until seated in the seal housing 1 7 or 
1 8 with the seal housing positioned along its lead wire as desired such that it will be 
properly located within the encapsulant after over-molding to form the main housing 
12. This subassembly is then positioned in a mold of the desired size and 
configuration for the main housing 1 2, and the subassembly is subsequently 
encapsulated with a thermoplastic polymer of the same type as the seal housing 20. 



[0028] 



When the electrical assembly of the invention is placed in service, any 
contaminants in the environment where the assembly is used will be drawn into the 
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coil inside the main housing 12 along the lead wires 13 and 14 until reaching the seal 
assembly. There the elastomeric seals 20 will prevent further ingress along the 
interface between the seals 20 and the insulation 1 3b of the lead wire 1 3 (as well as 
the insulation around lead wire 14). The bond created between the encapsulant 
forming the main housing 12 and the ribs 21 of the seal housings 20 prevent ingress 
around the seal housings. Contaminants are thereby blocked from migrating along the 
lead wires to the electrical windings inside the housing 12. 

[0029] Other aspects, objects and advantages of this invention can be obtained from a 
study of the drawings and the disclosure. This description is intended to only provide 
a complete description of the preferred embodiments of the present invention and 
does not in any way limit the scope of the invention. Having thus described the 
invention in connection with the preferred embodiments thereof, it will be evident to 
Q those skilled in the art that various revisions can be made to the preferred 

£ embodiments described herein without departing from the spirit and scope of the 

invention. It is our intention, however, that all such revisions and modifications that 
are evident to those skilled in the art will be included within the scope of the following 
claims. 
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